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PREFACE

This work was conducted under Contract DA 36-039 AMC-00040(E)
sponsored by the Advanced Research Projects Agency in support of
Research Engineering for Tropical Communications, It is part of
a continuing effort in the investigation of antenna environment and
antenna systems now classified under Task A of the contract. One
of the goals of’this effort is to correlate the effects of various
environments in the United States and in Thailand, with emphasis
on simple field-expedient antennas, This report discusses the

CONUS phase of the measurement of HF antennas in a forested area,
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ABSTRACT

During May and June of 1965, measurements of field-cxpedient
antenna impedance and radiation patterns were conducted in a
conifer forest, The antennas measured included dipoles, slant

wires, end inverted L's,

The pattern measurements were conducted with an aircraft-
towed transmitter, The results are presented on contour meaps
showing individual polarization response for elevation angles
from 5 to 60° from the horizon and power response from 5° abhove
the horizon to the zenith for several frequencies between 2 and

15 Mc/s,

Input impedances are presented on Smith charts for each
antenna over the frequency range that the above pattern data are
presented, In addition, curves of resonant frequency and input
impédance as a function of antenna height are presented for

selected dipoles,

The results demonstrate that the trees surrounding the an-
tennas begin to cause perturbations to the vertical polarization

response of antennas at approximately 8 Mc/s,
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I INTRODUCTION

The characteristics of conventional field-expedient antennas
used under ideal conditions are reasonably well known and docu-
mented. However, when these "simple" antennas are placed in a
situa£ion removed from the ideal case--unbalanced feed lines,
poor ground, and foliage-~little information is available on
their characteristics and performance. The importance of mea-
suring similar sets of HF field-expedient antennas in various
situations was stressed in a previous report,l* describing the
first set of measurements of these antennas, made over open, flat
terrain near Lodi, Celifornia. The set of ..easurements presented

here was made in a conifer forest near Lake Almanor, California.

Radiation patterns of the antennas were measured on several
frequencies between 2 and 15 Mc/s in both horizontal and vertical
polarizations, Patterns are presented for both horizontally and
vertically polarized incident waves for elevation angles from
approximately 3° to 50°; power patterns are presented for a full

hemisphere from 3° to the zenith,

Section II describes the site and antennas used for these
reessurements, Most of the antennas duplicated those measured
over open, flat terrain; however, for the measurements discussed

here, the antennas were immersed in a pine forest,

Section 111 describes the changes made in the measurement
technique between the measurements over open, flat terrain and

in a conifer forest, Basically, these changes were:

*
References are listed at the end of the report,
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(1) Full hemispherical power pattern measurements

were made (Sec, I1I-C),

(2) Visual checkpoints were needed to fly patterns
pecause the weather balloon beacon tracker

(AN/GMD-1) could not always track through the

trees near the site,

(3) Wavenmeter measurements of the multi-frequency

transmitter (Xeledop) used for these measure-

ments were conducted daily to ensure constant

output,

Section IV describes the impedance measurements made of each
antenna and presents limited data of impedance as a function of
height above ground at the resonant rrequency, and resonant fre-

quency as a function of height above ground for half-wave dipoles,
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ITI SITE AND ANTENNA DESCRIPTIONS

A, General

Measurements in a conifer forest were conducted during May
and June 1965, The forest was a pine farm located near Lake
Almanor in northern California., The trees varied in height from
50 to 100 ft and in diameter from 1 to 3 ft. They were randomly
spaced on the order of 10 ft apart, Undergrowth consisted pri-
marily of pine saplings., The density of the trees can be seen in
photographs showing typical antenna installations (Figs. 1 and 2),
The field site consisted of a small clearing near a highway and
small lake, where the receiving and recording equipment van and
tracking unit were placed. Most of the antennas duplicated those

1 so that a

measured at Lodi, California over open, flat terrain
comparison could be made of the antennas in and out of foliage,
The number of antennas to be measured necessitated méasurement
as two separate sets, as indicated in Figs, 3 and 4, Note that
the forest extends to the west of the indicated tree line, The
experimental antennas were placed in the forest at least 200 ft
from the edge of the clearing used for the receiving van and were

erected in open spaces among the trees,

The antennas tested, with the exceptions of the sleeve di-
pole, the monopole and the balanced dipole, were designed to con-
form as closely as possible to those in a tactical situation,

This was easy in the case of the dipoles, since they are normally
fed through a coaxial line, However, the slant wires and inverted
L's are normally used with the radio set and the operator located
at the feed point, This was not possible here, because the re-

ceivers and recorders were located at some distance, For the in-

verted L's, the coaxial line was led in at right angles, and the
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shield was simply connected to an 18-inch grounding rod at the
feed point, 1In all cases, the shield of the coaxial lines was
continuous from the antenna to the cable connection at the equip-
ment van, Grounding rods were used at various places (uncommon

in normal communication practics) to control currents on the
coaxial lines, particularly to help define the limits of the cosax
counterpoise, It should be noted that these rods changed the
current distributibns in the ground system to some extent, princi-

pally affecting the antenna impedances,

The radiating elements of all antennas were made of No., 12

solid copper wire, unless otherwise noted.

B. 30° Slant-Wire Antenna

The 4-Mc/s 30° slant-wire antenna consisted of a 58,4-ft-
long elevated radiator and a 25-ft counterpoise, The counter-
poise was located 135° in azimuth from the horizontal projection

of the elevated radiator and was laid directly on the ground,

The remote end of the counterpoise was lamped to a copper grounding

rod., The transmission line was RG-8 coaxial line with the shield
grounded 25 ft from the feed point, The elevated radiator was
tied, with dielectric rope, approximately 2 ft from the trunk of
a pine tree. The other trees in the vicinity of the antenna were

about 15 ft from the elevated radiator,

C. 2:1 Invertied L Antenna

The 2:1 inverted L, so named because of the ratio of the
horizontal wire length to the vertical wire length, was designed
for resonance at 8 Mc/s, At this frequency, the total elevated
wire length is 95 percent of three quarters of a wavelength. The
horizontal element was 58.4 ft long and was suspended between two
pine trees by dielectric rope with approximately 4 ft of clearance

between the trunks and either end of the antenna. The vertical
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element was 29,2 ft long, soldered to one end of the horizontal
element and was suspended between its connection with the hori-
zontal element and the feed point on the ground, thus determining
the height above ground of the horizontal element., The antenna
transmission line was RG-8 coaxial line with the braid connected
to a copper groundirg rod at the feed point., The closest trees
to the antenna were the ones used for supporting the ends of the

antenna; all others were approximate.y 10 ft away.

D. 5:1 Inverted L Antenna

The construction of the 10-Mc/s 5:1 inverted L was the same
as that of the 2:1 inverted L except the vertical element was 11,7
ft long; the horizontal element was again 58,4 ft long. This
antenna was suspended with approximately 6 ft of clearance between
the tree trunks and the elements. Other trees in the vicinity

were about 8 to 10 ft fron the antenna,

E, 23-Foot-High Unbalanced Dipole Antenna

The elements of the 8-Mc/s 23-ft-high unbalanced dipwle were
29,2 £t long and were suspended by dielectric rope from treec
trunks, approximately 18 feet from the ends of the rsdistizs,
The 23 £t of RG-58 coaxial line was perpendicular to the zutenna
and the ground with the braid connected to a copper grounding rod,
RG~8 coaxial line was useu from the ground to the receiver van.
There were trees on either side of this antenna within 5 ft of

the antenna,

F. 2~Foot-High Unbalanced Dipole Antenna

The 6-Mc/s 2-ft-high unbalanced dipole congisted of two
radiators 38,9 £t long supported by four wooden stakes driven intoc
the ground approximately 20 ft apart., The transmission line con-
gsisted of a 2-ft piece of RG-58 ccaxial line with the braid coa~
nected to a copper grounding rod. This line was then connecie:d to

the RG-8 coaxial line leading to the receiver van, The antens-




was about 5 ft from the trees, The installation of this antenna

is shown in Fig. 1.

G, Sleeve Dipole Antenna

The 5-Mc/s sleeve dipole consisted of 46.7 ft of solid copper
wire and 46,7 ft of tinned copper tubular braid over the insulation
of RG-8 coaxial lead line; and the braid was soldered to the shield
of the coaxial line at the feed point, and the center conductor of
the coaxial line was soldered to tlie solid copper wire, This an-
tenna was laid, in a straight line, directly on th2 ground with no
direct connections made to the ground, It was placed about 2 ft

from the trees.

H. Monopole Antenna

The monopole antenna was constructed from a one~inch-diameter
copper tubing cut to 15.6 ft (95 percent of a quarter wavelength
at 15 Mc/s) and capped at both ends, The ground screen for this
antenna was constructed from rolls of "chicken wire,” laced to-
gether (with approximately 6 inches of overlap) with No, 12 copper
wire, The lacings were not soldered to the netting. This screen
was cut to form a 50-ft-diameter circle, The screen was laid in
a clearing directly on the grouid, except pine needles and such
were left bheneath the screen. The screen was then clamped to four
copper grounding rods driven into the ground about 1 ft, approxi-
mately equidistant around the circumference, and soldered to one
copper grounding rod in the center to which the shield of the RG-8
coaxial line was also soldered. The closest tree was at the edge

cf the ground screen, 25 ft from the monopole element (see Fig. 2).

i, Balance Dipole Antenna

The 15-Mc/s balanced dipole antenna consisted of two 15,6-ft
¢lements, 16.4 £t from the ground. The antenna was supported by

dielectric rope from trees 10 ft from either end of the antenna.
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The ground screen for this antenna was constructed similar to that
for the monopole antenna except it was cut to form a 50-ft square
instead of a circle (note that the monopole and the balanced dipole
were the only antennas that used metal ground screens). The
closest trees were on the perimeter of the ground screen, A North
Hills Model 0501 BB balun was used with the antenna; this device
is a true ferrite core transformer, nominally matching 50 QQ un-
balanced to 300 () balanced, This high turns ratio was chosen to
minimize the VSWR over the entire band of test frequencies rather
than match the 72 (Q resonant value exactly. RG-58 coaxial line
was used for the elevated portion of the feed line while RG-8

coaxial line was used for the portion leading to the van,

Drawings of the antennas are shown in Figs. § to 12,
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I1I PATTERN MEASUREMENT TECHNIQUES

The antenna patterns were measured by towing a special trans-
mitter (Xeledop*) on specified courses (circles and linear passes)
around the antennas with an aircraft modified especially for this
purpose, The signals received by the test antennas on the ground
were recorded, together with the position of the aircraft, Later,

these data were scaled into punched cards and plotted as stereo-

graphic contour maps, each of which shows one antenna's response
to one frequency and one polarization, The operation of the i
pattern-measuring system has been described in previous reportsly2

and the details of the basic system are not covered in this report,
However, those changes made that are pertinent to this set of
measurements are discussed, as is the technique for measuring

power patterns.

A, The Xeledop

The heart of the pattern-measuring system is the Xeledop
transmitter, which is towed behind the aircraft. On a cycle of
about 1,5 seconds, the ¥eledop pulses through eight selected fre-
quencies between 2 and 30 Mc/s, For these tests, the frequencies
were 2, 2.67, 4, 5, 6, 8, 10, and 15 Mc/s., All the electronics
and batteries are contained in a central sphere., Arms extending
out from the sphere are fed as a balanced dipole antenna, the
total length of which is always less than one half wavelength,
The Xeledop can be towed to transmit either horizontally (EQ) or
vertically (Ee when corrected for transmitting dipole pattern)

*
An acronym denoting Transmitting Elementary Dipole with Optional
Polarization, :




s

RS ;::,.'

E'.‘f‘f o
s e
A

.polarized waves,

The electrical symmetry of the Xeledop is such
that radiated polarization depends only upon its physical
orientation,

Two separate checks were conducted daily during the measure-
ment period to ensure that the radiated power of the Xeledop re-

mained constant, The first check consisted of repeating one orbit

that had been flown the previous day so that the data could be

compared for two successive days. The second check consisted of

monitoring the radiated power with a wavemeter mounted on a special

measuring stand, constructed so that the same physical relationship

always exists between Xeledop and wavemeter. Output measurements

were taken each morning and evening; thus, the readings could be

compared from day to day, and before and after use,

B. Aircraft Tracking

In addition to the Xeledop transmitter, the aircraft carries
a low-power radio beacon transmitter and a modified transponder
unit, Both are used for position information: The beacon is
tracked by ground equipment, which provides azimuth and elevation
information for data reduction; the airborne transponder works
with a cimilar unit on the ground to indicate slant range for the
pilot's information., The latter, dispiayed on a meter, is calied
the Pilot's Deviation Indicator or PDI,

The ground-tracking unit ig a Rawin AN/GMD-1 Weather Balloon

Tracker (referred to as the GMD), A steerable dish antenna tracks

the aircraft beacon transmitter, Azimuth, elevation, and a se-

quence number (called the GMD time) are printed on adding machine
paper every 6 seconds,

Although the operating frequency of the GMD is approximately
1,6 Ge/s, it has been found that metal and wooden towers--such

as those normally found on an antenna farm~-do not perturb the
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signal enoughk to cuuse erratic operation of the tracking unit,
However, the dish will start to "hunt” for the beacon if the sig-
nal is blocked by a large object, such as a building, For the
measurements at Lake Almanor, the GMD was not elevated on a tower,
but was situated on the edge of a small lake near the equipment
van, This was done so that the effect of the attenuation and
scattering of the GMD signal by the trees could be determined for

planning the measurements to be made in Thailand.

It was found that the GMD could track fairly well above 35°
elevation (breaking point between trees and sky); below this angle,
mannal assistance was required, As the elevation angle decreases
and thus the amount of foliage between the beacon and the dish
increased, the amount of manual slewing required increased. TFor
elevation angles below about 20°, the GMD became practically use-
less. For elevation angles below 30°, it was necessary to rely on
the pilot to fly a circular orbit, aided by the Pilot's Deviation
Indicator (PDI) and a circle drawn on an aerial phc.cgraph of the
site area, Also, when flying at elevation angles below 35°, the
rpilot called out visual check points to the ground station to
provide azimuth position information, which were recorded with

the data,

C. Power Plots

1. Background and Definitions

Because the ionosphere tends to randomly polarize energy
passing through it, the critical element in evaluating the HF
communications antennas is the total energy radiated or received
as a function of direction, independent of polarization. For near-
vertincal-incidence paths--the intended use of these field-expedient
antennas~--the polarization is not truly random in tropical areas,

But "polarization" for near-vertical incidence is a matter of




antenna orientation and can be treated separately from the evalua-

tion of che radiution pattern.

e e

The technique described here offers a practical method
of measuring these power patterns over the entire hemisphere above

the antennas, especially providing the explicit pattern data re-~

quired near the zenith yhere these antennas normally operste,

For various practical reasons discussed below, the measnrement

of individual polarizations was limited to comparing the response
along N-S and E-W lines directly overhead. This comparison is
shown on each power plot as a small vector diagram showing the

directions referred to the antenna axis and the relative field
magnitudes,

Although not strictly reciprocal, as are individual

polarization patterns, these power plots do apply to both ends

of the communications system;

(1) For the transmitting case, they-show

the power directivitv pattern of the

antenna,

(2) For the receiving case, they approxi-
mate the time-average response of the
antenna to randomly polarized incident
waves, Note, however, that response at
any given instant--tne fading effects--
depend upon the actual polarization of

both antenna and incident field.

To examine this equivalence, consider tvhe derivation of
a power plot from orthogo:al~polarization pattern samples, such
as the usual E¢ and Ee plcts, The latter are maps of many samples,
each effectively taken in a plane tangential to a hemisphere over

the antennas: the plane defined by the ¢ and § vectors is shown

11
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in Fig, 13. The plane containing these vectors will be called

the normal plane because of its relationship to Rs’ the vector
from the antenna location to the measurement point, To find the
power passing through such a sample point (transmitting case),

one would take, by Poynting's theore: :

P = lE¢|2 + |Ee|2 . (1)

T
¢
|

—d
8
NORMAL VECTORS

DETERNINE NORMAL PLANE RS

D-522-40

FIG. 13 DEFINITION OF NORMAL PLANE

For the receiving case, the time-average response to
random polarization (imagine a rotating, constant amplitude field
vector) is proportional to the magnitude of the receiving antenna's
maximum response vecior, regardless of the latter's orientation,

To find this vector, consider the situation in Fig. 14, showing
the E° and Ee vectors lying in the normal plane at a given
azimuth-elevation sample point., If we assume for the moment that
the antenna's actual response is linear’y polarized, then it must

be one of two vectors: S1 or 82. Which S cannot be determined




'

Tt "¢

D~4240-1244

FIG. 14 DERIVATION OF § FROM E¢ AND Ey
SAMPLES

without a third measured response, such as the r, vector, shcwn

dotted, However, for our purposes, the polarizazion is immaterial
only the magnitudes 'Sl‘ and lSZI are of interest, Since the

two magnitudes are equal, we can assign the value S = |81| = ‘Szl
to this sample point, which represents the antenna‘s response to

an optimally-polarized incident wave,

Note that P given by power summation and S given by
field vector summation are identical, Therefore, a single
stereographic contour mep can fill botk needs described above:
trausmitting power pattern and time-average response pattern to

randomly polarized incoming waves,

.

2, Measurement above 60°

Unfertunately, aircraft limitations prohibit collection
of E¢ and Ee in the normal menner above &bout 60°-~by fiying orbit
at constant elevation angles, An alternative technique would be
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to fly constant azimuth radials overheid (above) the antenna,

towing the Xeledop first in the r.ormal horizontal position colli-

near with tl.e aircraft{ heading and then in a new orientation:

horizontal but perpendicular to the aircraft heading.

ideally provide measurements of E8 and Eo, respectively, as

functions of elevation angle, However, this technique has

serious problems:

(1)

2)

(3)

Accurate polarization sampling requires
that the airi~aft always head to or from
a point directly over the antenna, This
is very difficult in strong winds, which
are the rule, not the exception, at high
altitudes, Also, any test antennas to be
measured simultaneously must be relatively

close together,

Redundant measurements are taken near the
zenith, because an E-W track measured with
the collinear orientation provides the

same information as a north-south track
measured with the crosswise orientation.
For all practical purposes, only one pair
of passes is required at the zenith to de-~
fine the antenna's energy response; the re-
mainder simply provide additional samples

of the polarization elipse overhead,

At the zenith, the vectors E¢ and Ee are
strictly undefined, and they are difficult
to interpret for elevation angles near

the zenith,

This would

several




(4) Strict EQ and E,. responses are not

required to def?ne the powver pattern,
Measuring orthogonal response vectors,
independent of the coordinate system,

is sufficient to derive the S values
exactly, and for a wide range of condi-
tions, measuring nearly orthogonal re-
sponses is sufficient within the inherent

system accuracy limits,

For these reasons, consideration of the radial flight
pattern technique was abandoned in favor of a simpler approach
based upon flying an approximately square grid over the test site
as shown in Fig, 15, The Xeledop is towed collinearly with the

Bz ‘
“ B

| ALTITUDE OF GRID
! ABOUT 9000 ft

i ABOVE SITE
-~

//éﬁ -
-
TEST ANTENNA /I

LOCATION

‘0-522-37R
FIG. 15 AIRCRAFT OVERHEAD-GRID FLIGHT PATTERN

aircraft heading on all passes., At each intersaction point,

roughly orthogonal measurements of the antenna's response in the
13
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normal plane are obtained, which can be used to compute an S value

in the same fashion as were the Etb and E. vectors,

e
The test antenna does not see the full length of the
Xeledop in general, but only the Xeledop's projection onto a plane
tangential to the hemisphere, For the orbital technique with the
Xeledop vertical, this projection ratio is simply tike cosine of
the elevation angle, which is used as a correction in reducing
data for the E_ plots, For the grid passes, this projection

8
ratio, p, is somewhat more complex:

p(%, g, B) =\/1 - 0052 (-8 - cos? ® , 2)

where

f and ¢ are elevation and azimuth angles to

the sample point
B is the aircraft heading.

If we receive signals a, and a_ at an intersection of two grid

1 2
passes with aircraft headings Bl and 82, then these signals must
be normalized to a "unity" transmitter lying in the normal plane

to give comparable response vector amplitudes 'r1| and |r2|:

i*'1| = al/p(¢, 8, Bl) (3)
|r,| = a,/pC0, 6, B, . (4)
> >
It is also necessary to calculate the directions of r1 and r2 in
the normal plane:
@ = arctan [tan (¢ - Bl)/sin (0] (5)
@, = arctan [tan (¢ - By) /sin o] . (6)
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At this point, we have ?i and ?é, which are equivalent to the E,

and E_ vectors :ncrmally measured except that they are not exactly

8
However, at high elevation angles, sin (6) is nearly

orthogonal.
- 82) respectively,

1.0 so oy and a, approach (¢ - Bl) and (¢

which are as close to orthogonal as the grid--within five or ten

B — T T

- s

degrees,
If we plot r1 and r, in the normal plane (Fig. 16), we

can again estimate two s vectors (linear antenna responses) that

would have the observed components, ry and T,

S2

A\

0-9522-3%
FIG. 16 DERIVATION OF S FROM r, AND r, SAMPLES

]r ! cos (. + |r | cos
2 1 1 2 N

‘rzl 8in o + |r1| sin @,

Y, = arctan | -
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r,| cos o, - |r,| cos ¢
Yo = arctan | - l 2| 1 I 1| 2 (8)
|r2| sin dl - |r1| sin aé
Iz, |
S| = — —mm 9
Is;| = & q, w) (9)
EN
s, | = 1 (10)

2| cos (y2 - Qi)

Although these magnitudes will not be equal, because ;i and ;é ‘

are nof. orthogonal, the error is rarely significant when converted
into decibels because:

1) ?i and ;2 derived from grid data are
usually nearly orthogonal, as noted {

previously,

(2) Significant error is only possible when

|r,] = |r,|, a condition that occurs

1| = 1xl
only in a small number of cases,

Thus, very few sample points (grid intersections) have to be

eliminated due to large differences--more than 3 dB--in the values

of |Sll and ISZ|. For those having acceptable differences, S

is set equal to the average of |Sl| and |82| (when in dB) to

minimize the possible error in S,

The final power plot is a map of the S values for all
neasured elevation angles, 3° to the zenith, For angles below

about 60°, the S values are computed from sets of E_. and Eo values

e
calculated for matching (6, ¢) points, These interpolated sets

of values are a natural] output of the first stage of the contour

plotting computer program used to draw the basic E° and Ee
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stereographic maps, The area above 60° (with some overlap) is
filled in with the approximate S values derived from an overhead
grid consisting of 10 passes in each direction. All of the S
values are corfg%ggd for inverse~distance amplitude variations

from the nominal hemispherical radiusg,

To give some idea of the polarization directly overhead,

a pair of vectors are shown in the corner of each power contour
plot giving the two aircraft headings used in the grid relative
to each antenna's nominal zero azimuth, The vector magnitudes

are proportional to the relative field strengths observed over-
head for the two directions, Although the pclarization is still
ambiguous in most cases, the true polarization is evident and

surprising in some, such as Fig., A-28 showing the 23-ft-high un-

balanced dipole below its resonance,

3. Data Reduction for Overhead Grid

The overhead data are processed with a multiphase system
that includes the CDC-3200, B5500, & d IBM 7090 computers and the
Calcomp and Benson-Lehner automatic plotters. The data-reduction
process is the same in part as that which creates the normal an-

tenna patterns.

In order to locate the intersgsection points of the over-
head passes, the ground track of the plane is plotted using the
elevation and azimuth data as recorded by the GMD and the altitude,
H, of the plane during the pass, (Note that the ground track will
not we the same as the heading because of wind drift.) The plet
is also a check on he accuracy of the tracking equipment, Be-
cause the equipment tracks inaccurately once the aircraft goes
above 75° elevatioﬁ, it is necesgsary to fit a straight-line
approximation tc the valid points below this elevation along each
path., A program has been developed to compute the slope and dis-

tance D from the X, Y position of two end points of the pass.
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Each point is associated witn ¢ pecific time., We refer to these
as TU and TL’ or upper and lower time, The line is divided into

segments:

The location of each time increment along the track is computed,

The grid intersections are found by solving simultaneously the

equations of each north/south line with all of the east/west lines,

The output of the program consists of a plot of the new ground
tracks showing the time increments along each track and the inter-
section (x, y). This plot is checked for accuracy and similarity
to the original uncorrected plot. The intersection times for
each north/south and east/west track is estimated to 0.1 unit

accuruacy,

The next program uses these grid intersection points
described as occuring at a given (x, y) position relative to the
GMD location and at a certain GMD "time" corresponding to the
markings on the strip charts, The aircraft headings, Bl and 82,
and amplitude data for each three seconds are read in from cards.
The amplitude~data cards are similar to those read from orbit
(Eo or EB) data except that where the Xeledop signals have been
covered by interfering noise (usually in nulls), the noise level
is read and flagged as such on the card. This serves as an upper
bound for what the test antenna's response could have been, All
the amplitude data are read into an array as & function of GMD
time, The array locations, number as T, would then correspond

to successive 3-second intervals, synchronized to the GMD marks,

For each grid intersection, the program computes the
azimuth and elevation angles, ¢ and 9§, from x, y and the aircraft

altitude after having corrected the (x, y) origin to the test

]
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antenna location rather than to that of the GMD., It next finds
the pair of amplitude samples on each pass bracketing the inter-
section point, These signals are referred to as al(T). al(T + 1)
for the 31 heading and as 82(T) and az(T 4+ 1) for the 62 heading.
The T's indicate the half GMD time mark numbers appropriate to
each pass. The four amplitudes are then corrected for variation

in slant range from the nominal value,

The flow diagram in Fig. 17 shows the testing and inter-

polating used to compute S_ and 52 [F:- % through (117)], which

1

are converted to decibels and average. ° the desired

> 2pAvE?
value for that intersection, The latter is then punched on cards
along with its (x, y) position, This process is repeated for

all grid points,

Finally, these overhead grid points are combined with

the E¢ and E6

values are interpolated to fit a regular azimuth elevation spacing

data for the power contour plots., These EQ and Ee

by the contouring program when it generates their plots. This
provides two matching sets of samples which can be directly com-
bined [Eq. (1)] to find the power values. Since no noise thres-
hold information is available here, only points having both Eo
and E. values are calculated, These power values are combined

8
with the aAVE values from the overhead grid into one list de-
scribing the power plot. The list is normalized to set its

maximum equal to 0 dB and contoured.

D. Relative Gains

The term "'relative” gain is used here to distinguish it from

"absolute" gain, which is usually derived theoretically and ex-

pressed in decibels above a fixed reference level, e.g., isotropic.

Because the receiving system is calibrated in parallel and the
input impedances are known, the gains of (lie various antennas

in both polarizations can be compared, or "related.” However,
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because the Xeledop's absolute power output is unknown, absolute
gains cannot be derived from the measured data without assuming

the gain of one antenna.

Note that these comparisons are only strictiy valid on a
given frermency; comparisons between frequenciegs again require an

assum. .i +.1in characteristic for one antenna,

Two types of gain figures are showan in Table I: relative

r voltage and Ee/Em. The first, relative voltage, uses the values
directly measured: voltages across impedances within 1.2 to 1
VSWIk of 50 Q al the receiving/recording equipment van, These
voltage values~—~after correction for feed cable losses--are in

cdecibels referred to an arbitrary level chosen for computer pro-

grammi:.lg convenieuce, and are the normalizing constants for the
sontour plots, i,e., 0 dB on each plot. Thus, the relative

voltage column effectively compares the voltages to be expected
across (or power delivured to) 50-{ loads at each antenna's feed

point terminals for each patterr.’s maxinum.

The next column, EG/E¢’ tabulates the cdifferences in response

hetween Ee {vertical) and E, (horizontal) polarization, with a
plus sign indicating the E_ response was higher, For exampnle,

8

on the 2:1 inverted L at 5 Mc/s, the E, maximum (0 dB on tie

8
pattern contour plot) was about 3 dB higher than the 2, maximum,
while at 8 Mc/s the E¢ response was abéht 5 dB'hiéhér than the

E6 response,

The accuracy of the data in Table I is determined by the con-
tour interval (3 dB) of the contour plots since they are tabula-
tions of the maximum deta point value ~f esci plot. Thus, the

_EG/Ec values are accurate to within about 1.5 dB. Comparisons
between antennas--relative voltage gains inciude¢ an additional
0.5 dB-errcr due to the differencz between the actual van input

impwdance and 30 (,
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Table II presents relative power gains into matched loads,
which were derived from the values from Table I through the

following procedure:

(1) The mismatch loss to 50 () for each antenna at
each meusured irequency was estimated from the

impedance data given in Sec., IV,

(2) These estimated losses were added to each of
the maximum received signal values to estimate
the power that would have been delivered to a
matched load.

(3) To simplify comparisons, the maximum for each
frequency was arbitrarily chosen as a 0-dB
reference, and all of the relative gain values
for that frequency were normalized to this

maximum,

The resulting values include the 2-dB errors fro&vfable I
voltages plus an error in the mismatch loss estimates, These
losses?are determined from antenna .mpedance, which is measured
by a technique that finds the magnitude and angie of the reflec-~
tion coefficient, with an accuracy of about i3 percent in the
magnitude |p|. Since the mismatch losses required to correct the
gains become a more sensitive function of |p] as it increases from
0 to 1 (or the VSWR as ¢ increases from 1 to infinity), the re-
lative gain estin-res suffer a smell é;ror at low antenna VSWR
and a large error for high antenna VSWR, all due to a constant 5-
perceat error in |p|. Although the effect of this error is mini-
mized by the technique outlined in Sec, IV-A, it should still be
noted that an er»+v is present, 1In Table II those values for '
'vhich the sum of tae errors, including the voltage gain errors, is
votentially in excess of 3 dB have been indicated by an "x".

Potential errors of the unmarked valdes are less than 3 dB,

18
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Table I

RELATIVE VOLTAGE GAINS ACROSS 50-OHM LOADS AT PAT RN MAXIMA

Antenna and

Design Frequency, fo

Measurement

“telative
Voltage

Frequency,

(Mc/g™ | Polarization

(dB)

8’ o
(d3)

30° Slant Wire
(4 Mc/s)

2.0

4.0

6,0

e<w O oD

-50.1
~-55.8
-28.9
-35.5
~-30.5
-35.3

+5.7

+6.6

+4.8

2:1 Inverted L
(8 Mc/s)

oD DD

-66,4
-44.,8
-48.2
-32.6
-27.5

5:1 Inverted L
(1C Mc/s)

4.0

6.0

10,0

OO O OO

~-29.6
-35.0
-30.3
-35.0
-26.6
-27.2

+5.4
+4.,7

+O'6

Unbalanced Dipole
23 ft High
(8 Mc/s)

5.0

o €W &

~-50.2
~56,2
-22.1
-21.6
-20.3
-17.8

Unbalanced Dipole
2 ft High
{6 Mc/s)

D M OO

-54.9
~45.1
-45,7
-31.8
-25.8
-40,0
-35.1

Sleeve Dipole
(5 Mc/s)

~

oD & D@

-44.8
-49.5
-45.4
-48.2

Monopolé

(15 Me/s)

. e

-

»

b g
GO W oG N
QDO O0COLO00OO0

TP DDODDODDD

-72.5
~49.8
-61.8
-48.1
~-39.3
-27.1
-10.8

Balanced Dipole
(15 Mc/s)

(S BT, e I
ocoOoLOOOQ

ol

e O H O 0 o

-53,8
-63,0
-47.8
-37.9
-28.0
- 9.8
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Table II

RELATIVE POWER GAINS INTO MATCHED LOADS
AT PATTERN MAXIMA

Antenna Gain
Measurement Design E E

Frequency Type Frequency, f, |Potential 9 o
(Mc/s) M/ 3) Error® | (dB) | (dB)
4,0 30° Slant Wire 4 0.0 |- 6,6
5:1 Inverted L 10 X -0,2 |-5.6

Unbalanced Dipole
2 £t high 8 x -13.,5 |-14.1
Balanced Dipole 15 X -20.1

—

5,0 2:1 Inverted L 8 b'e - - 3.4
Sleeve Dipole 5 X - - 4.9

Unbalanced Dipole
23 ft high 8 X - 5.2 1-11.2
6.0 5:1 Inverted L 10 X 0.0 |- 4,7

Unbal inced Dipole
2 1t high 8 -8,21}~-2.2
30° Slant Wire 4 -3.21{- 8.0
Balanced Dipole 15 X ~17,6

Monopole 15 X -17.9

8.0 Unbalanced Dipole
23 ft high 8 - 0.5 0.0
2:1 Inverted L 8 X - 7.8 11=-2,7
Sleeve Dipole 5 X -17.9 | -20.7
15,0 Balanced Dipole 15 0.0

Monopole 15 - 0,8

Unbalanced Dipole

23 ft high : 8 X - 4,0 |- 1.5
*

Potential amplitude errors greater than #3 dB due to VSWR measurement errors. Al:

*o

on one frequency normalized to set highest equal to 0.0 dB,

:iins




IV IMPEDANCE MEASUREMENTS

Impedance measurements were made of all the antennas as an
aid to patterns analysis and deriving relative gain figures,
They are illuminating in themselves, however, since the grounding
rods or counterpoise wires are clearly shown to be an active part
of the antenna system, They also give an indication of how poor

the ground was during the time of measurement.

A, Measurement Technique

These measurements were taken with an Alford automatic im-
pedance plotter, which provides a rapid and continuous display
of impedance at the antenna feed point over a wide frequency
band. This capability makes it economically feasible to take a
large number of measurements without missing any significant
characteristics [which might be lost if a discrete-point technique
(RX meter) were used], The price of this convenience and conti--
nuity is the accuracy of any given point, The plotter measured
impedances indirectly by finding the load's reflection coefficient
(compared to 50 () and displaying that value cn a Smith chart.
The equipment accuracy is expressed as a percentage of the re-~
flection coefficient (5%, *5°); hence, the resistance and reac-
tance numbers near the rim of the chart are not precise. For
this reason, the data is presented on Smith charts, rather than

as tables of resistance and reactance as a function of frequency.

. The inaccuracy results from several parts of the plotter
‘being frequency-sensitive., The "hybridge" (where the load and
standard are compared) is rated down to oniy 2.5 Mb/s, and its
performance deteriorates below that figure, The three "phase

splitters” (networks that divide an oscillator signal into




reference and test signals) work well only over limited frequency

bands, overlapping at about 4 and 11 Mc/s.

In order to minimize the errors at the ends of the frequency
band of the phase splitters, the system was calibrated more often
than recommended by the manufacturer. The manufacturer advises
that the instrument be calibrated once at the middle of the fre-
gquency band of the phase splitter in use, 1t was found that if
the instrument were calibrated at the middle and both ends of the
frequency band of these phase splitters, there would be less
discrepancy when comparing measurements from the upper frequency
and lower frequency of two consecutive phase gplitters, The im-
pedance plotter was also calibrated at each frequency transmitted
by the Xeledop so as to minimize errors when measuring the antenna
VSWR at the frequencies at which data were taken for the radiatica

patterns and relative gain figures (see Sec, III-D),

In the previous measurements at Lodi, the unit was calibrated
in the middile of the frequency band of each phase splitter, as
recommended by * .e manufacturer, Later, the deviation from these
simple calibrations and calibration over the range of specific
frequencies was determined, Then the field data were corrected
and smoothed by calculating these deviations into the data. Thus,
the Lodi data have been smoothed through calculations and the
déta in this-feport have been corrected for major plotter errors
by éalibrating the instrumentation over smaller frequer.cy bands,
In some cases, at very high VSWR, the plotter indicated a reflec-
tion coefficient slightly greater than one. Any portionz of the
curve where this occurred are shown by a dashed line on the Smith

charts,

B. Discussion of Results

Impecance measurements were made on all antennas after they

were erected in their measurement situations, Thus, the impedance
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For the cases where match to the antenna is very poor (near
anti-resonance), relatively high currents appear on the o r Je of
the feeding coaxial line, These currents show up in two ways:
as radiation during pattern measurements and as perturbations in
the impedance curves, The Smith chart for the 23-ft-high dipole
(Fig, 22) shows the presence of these currents very clearly in the
form of small loops between the frequencies of 10 and 15 Mc/s,
Similar loops are also evident on the Smith chart of the 2-ft-high
dipole (Fig. 23) around 4.0 Mc/s and 7,0 Mc/s, These small 1.ops

are guite similar to those evident in the measurements at Lodi,

If a further compnrison js made between the impedance )

2,

plots (Figs. 18 to 26) show the impedance of the antenna as it was
while radiation patrverns of the antennas were being measured.
bl

measurement indicated in this report and those made at Lodi, some

pedances of the slant-wire and inverted L's, However, the latter
group of antennas are more dependent on ground characteristics,
due to the grounding systems of these antennas (i,e., counter-

poises and grounding rods),

In addition to impedance plots of the antennas at their
pattern measurement heights, impedance measurements were made at
resonant frequency of half-wave dipoles with the height above
ground as a variable, The 6 Mc/s dipole was the 2-ft-high un-
balanced dipole used for pattern measurements and the 3 Mc/s di-
pole was the same antenna but the radiators were lengthened to
77.8 £ft, In all cases, the dipoles were unbalanced and the shield
of the RG-58 coaxial line was grounded only at the measurement point
(at the impedance plotter)., More detailed information on dipole

impedance as a function of height can be found in other reports.a:4
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information can be deduced about the conductivity of the ground.
The impedance plots of the dipoles and monopole antenna compare
fairly well, while there is a discrete difference between the im-
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FOR 30° SLANT-WIRE ANTENNA (2.6 to 20.0 Mc/s)
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FIG. 18 SMITH CHART REPRESENTATION OF ANTENNA IMPEDANCE

pedance and resonant frequency which are typical of half-wave

The normalized curves in Figs, 27 and 28 show variations of im-
dipoles near a lossy ground,
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FIG. 19 SMITH CHART REPRESENTATION OF ANTENNA IMPEDANCE
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FIG. 24 SMITH CHART REPRESENTATION OF ANTENNA IMPEDANCE

FIG. 23 SMITH CHART REPRESENTATION OF ANTENNA IMPEDANCE FOR

FOR SLEEVE DIPOLE ANTENNA (2.6 to 11.0 Mc/s)

2-FOOT~HIGH UNBALANCED DIPOLE ANTENNA (2.0 io 19.0 Mc/s)
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FIG. 26 SMITH CHART REPRESENTATION OF ANTENNA IMPEDANCE

T'6.25 SMITH CHART REPRESENTATION OF ANTENNA IMPEDANCE
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FOR BALANCED DIPOLE ANTENNA (2.0 to 27.0 Mc's)

FOR MONOPOLE ANTENNA (2.0 to 21.0 Mc/s)
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V DISCUSSION OF RESULTS

This section makes some preliminary comparisons between the
results reported here on antennas in a pine forest and the results
reported earlier on essentially similar antennas in open farmland,
since significant changes in both patterns and impedances were

observed,

For many of the antennas, such as the inverted L's, the re-
sistive component of the impedance increased considerably. It is
not clear whether this was entirely or even partly due to the
change from open space to forest because the electrical ground

parameters also changed.

The extent to which these two site differences--trees and
ground-~-affected the patterns is more apparent, The ground seems
to have affected most the elevation plane patterns of antennas with
major radiating structures very close to the ground (the 30° slant
wire at 6 Mc/s, for example), The 23-~-ft-high dipole at resonance
(Figs, A-29 and A-30) was relatively unaffected by either ground
or trees in either polarization, No major changes are evident
even at the lower elevation angles; thus, the trees apparently
hadilittle or no effect on ‘he dipole's radiation pattern at 8
Mc/s. Of course, this does not prove whether or not its efficiency
as a vertical-incidence antenna changed due to energy loss in the
dipole's near field; it only shows that the pattern shape did

not change,

The effect of the trees was clearly evident for the monopole
at the higher frequencies, Azimuthal patterns measured on this
antenna at the farmland site and elsewhere have been constant
within a few dB up to 15 Mc/s., This also holds true here, where

the antenna was built in the forest as described in Sec, II-H,




up to 6 Mc/s (Figs. A-51 through A-54), However, at 8 Mc/s and
above, the azimuthal pattern breaks up dramatically (Figs. A-55

to A-57), This sudden change in pattera for a small change in
frequency was unexpected and hence very significant., Turning

to the 23-ft-high dipole at 15 Mc/s, the E0 pattern (Fig, A-33)
repeats the one measured at the farmland site almost exactly,

while the E9 pattern (Fig, A-32) is similar only at the higher
elevation angles, The response at {pwer angles seems attenuated

and distorted: The response at allﬁazimuths is lower, but the '
sharp null at 255° azimuth at the farmland site is not evident

here.
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Appendix

ANTENNA CONTOUR PLOTS

This appendix contains all of the antenna pattern contour
plots grouped by antenna in this order: 30° slant wire, 2:1
inverted L, 5:1 inverted L, 23-ft-high unbalanced dipole, 2~ft-
high unbalanced dipole, sleeve dipole, monopole, and balanced
dipole, For each antenna, the two individual polarization plots
and the power plot are given for each measured frequency in order
of increasing frequency. The title block at the lower right-hand
side of each plot gives the antenna name, the polarization, and
the frequency measured for that plot, The polarizations are de-
fined exactly in Sec, ILI~A; as a reminder, E, is horizontal and

¢

E9 is vertical. The antenna's design frequency, fo’ is indicated

at the lower left corner of each page.

Each contour map shows all the amplitude data taken on one
antenna, for one polarization, at one frequency, The plot can
be visualized in several ways, For instance, one can picture
placing a large hemisphere over the antenna being measured, then
drawing the field-strength contours on its surface, The contour
plots are two-dimensional maps of i.. 3 hemisphere as it appears
from directly above. Hence, the zenith angle is at the center of
the plot, azimuth angles appear as radials, and elevation angles'
are concentric circles. The outer rim of the plot is the horizon,
or O-degree elevation, The azimuth angles numbered around the rim
of the plot are in degrees relative to some principal axis of the
antenna, As an example, for the balanced dipole antenna patterns,
d° azimuth on the plot is actually 142° from magnetic north, These
angles are indicated on the two site maps (Figs. 3 and 4) by

arrows labeled in degrees magnetic. The relationship of contour




plot azimuth to each antenna is also shown by the schematic dia-

gram in the center of each Ee or E¢ pattern plot,

The power plots do not have the antenna diagram, so it is

necessary to refer to the previous voltage plot for the orientation.
Instead of the antenna diagram, a pair of vectors are shown in the
center of each power plot, These indicate the relative signal
voltages (within 2-3 dB) received overhead the antennas from roughly
orthogonal aircraft passes as described in Sec, III-C-2, The
"polarization' of the antenna at the zenith can be inferred from
this diagram in the cases where one vector is much larger than the
other; otherwise the test antenna's actual polarization is ambiguous

(see Fig, 16 and accompanying text).

In examining the plots, the accuracy limits of the measurement
technique should be kept in mind, The details of these limits are
discussed in the previous report, but generally, any features of
the plot which are smaller than +3° azimuth *1/2 contour interval
are insignificant due to limited data sampling and processing

errors,
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